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INTRODUCTION 


The  SICPS  floor,  shown  in  Figures  (2,3),  was  a  sandwich  panel  constructed 
of  0.125"  thick  6061-T6  aluminum  face  sheets  bonded  to  a  1.210"  thick  paper 
honeycomb  core.  Two  mechanical  fastening  methods  for  securing  the  SICPS  floor 
to  the  cargo  area  of  the  HMMWV  were  developed.  The  first  method  employed  two 
transverse  integral  stiffeners  and  two  sets  of  face  sheet  mounted  doubler 
plates  as  shown  in  Figure  (4).  The  second  method  consisted  of  forward  and 
rear  external  mounting  brackets  and  was  selected  for  subsequent  SICPS 
production.  The  latter  bracket  is  shown  in  the  inset  view  of  Figure  (1). 
However,  the  transverse  stiffener /doubler  plate  assemblies,  while  no  longer 
serving  as  the  tie  down  means,  continued  to  be  manufactured  and  installed  in 
current  production  runs.  The  goals  of  this  effort  were  to:  { 1 )  determine  if 
the  transverse  beams  with  or  without  the  doubler  plates  had  any  significant 
contribution  to  the  structural  integrity  of  the  shelter  while  no  longer 
serving  as  a  tie  down  means  and  (2)  develop  Finite  Element  Models  (FEM's)  of 
the  floor  panel  which  could  subsequently  be  expanded  into  complete  SICPS 
shelter  models.  If  no  beneficial  influence  was  provided  by  these 
reinforcements,  they  would  be  eliminated  from  the  design  to  achieve  reductions 
in  weight  and  both  material  and  labor  costs. 

The  stiffeners  were  6061-T6  aluminum  box  beams  with  outer  dimensions  of 
2.000"  width  by  1.090"  height  with  a  0.060"  uniform  wall  thickness.  Adjacent 
core  sections  were  bonded  to  the  outer  web  surfaces  of  the  transverse  beams 
using  film  adhesive.  Close-out  extrusions  (not  shown)  sealed  the  outer  edges 
of  the  floor  panel  and  allowed  for  attachment  of  the  wall  sections  to  the 
floor.  However,  the  transverse  beams  were  allowed  to  "float",  that  is,  their 
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ends  were  not  attached  to  the  close-out  members.  It  was  expected  that  the 
structural  contributions  of  the  transverse  beams  were  not  maximized  since  the 
beams  could  not  directly  transfer  loads  to  the  close-out  members  and  side 
walls.  The  face  sheets  were  then  bonded  entirely  over  the  core  and  beam 
surfaces  to  complete  the  floor  panel  construction »  Two  sets  of  doubler  plates 
made  of  0.150”  thick  6061-T6  aluminum  were  mechanically  fastened  to  the  lower 
face  sheet  of  the  floor  panel  in  the  wheel  well  regions  as  shown  in  Figures 
(2,  5-7). 


MODEL  DEVELOPMENT  &  DESCRIPTION 

The  structural  analyses  discussed  herein  were  conducted  using  the  NISA-II 
finite  element  software^  and  were  limited  to  linearly  elastic,  static 
formulations.  Only  the  SICPS  floor  panel  could  be  sufficiently  modeled  due  to 
limitations  on  the  maximum  number  of  Degrees  of  Freedom  (DOF*s)  available.  In 
light  of  this  limitation  and  the  absence  of  a  dynamic  formulation,  the 
approach  developed  was  expected  to  provide  reasonable  solutions  for  evaluating 
the  relative  structural  effectiveness  of  the  reinforcements  investigated. 

Due  to  symmetry  in  geometry,  material  properties ,  loading  and  boundary 
conditions  of  the  SICPS  floor,  only  one  half  of  the  floor  panel  was  modeled  as 
shown  in  Figure  (8).  Four  possible  combinations  of  the  existing 
reinforcements  were  modeled.  These  consisted  of:  (1)  transverse  beams  and 
doubler  plates,  (2)  no  transverse  beams  and  no  doubler  plates,  (3)  transverse 

1.  NISA-II,  Version  92.0,  Engineering  Mechanics  Research  Corporation,  Troy  Michigan 
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beams  only,  and  (4)  doubler  plates  only. 

Instrumented  rail  impact  tests  of  fully  loaded  HMMWV  mounted  SICPS  Shelters 
were  conducted  by  the  U.S.  Army  Natick  Research,  Development  and  Engineering 
Center  (NRDEC)  at  the  Combat  System  Testing  Agency  (CSTA)  in  Aberdeen  Proving 
Grounds,  Maryland.  Testing  revealed  that  peak  reactions  at  the  forward 
mounting  kit  totalled  25  kips  (25,000  lbs.)  in  the  direction  opposite  impact. 
Therefore,  a  total  reaction  constraint  of  25  kips  for  the  forward  mounting  kit 
was  imposed  in  each  of  the  models.  This  constraint  was  satisfied  by  applying 
initial  static  body  forces  in  the  plane  of  the  floor  (X-Y  plane)  so  as  to 
represent  inertial  loading.  Next,  the  ratio  of  the  sum  of  the  four  forward 
mounting  kit  fastener  reactions  to  the  applied  body  force  was  computed  for 
each  model.  Finally,  adjusting  the  body  force  according  to  this  ratio,  the 
model  was  re-run  to  obtain  the  solution  that  satisfied  the  25  kip  reaction 
constraint.  Body  forces  used  to  represent  the  inertial  loads  were  mutually 
reacted  by  the  fasteners  within  both  mounting  kits.  Since  the  body  forces 
were  mass  dependent  and  only  the  SICPS  floor  was  considered,  the  accelerations 
used  to  generate  the  body  forces  in  the  floor  models  have  no  correlation 
whatsoever  to  those  imposed  on  the  actual  shelter  during  rail  impact. 

Each  model  included  the  exact  tie  down  fastener  locations  in  both  the  front 
and  rear  mounting  kit  regions  of  the  floor  panel.  The  fasteners  were 
represented  as  elastic  offsets  using  1.00"  diameter  steel  beam  elements  with 
fixed  end  nodes  (refer  to  Figure  8).  Offset  lengths  were  determined  as  the 
unsupported  or  free  span  lengths  of  the  fasteners  measured  from  the  floor 
panel  middle  surface  to  the  receiving  bracket  attached  to  the  HMMWV.  These 
lengths  were  4.22"  and  1.88"  for  the  forward  and  rear  mounting  kits 
respectively. 
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The  floor  panel  was  modeled  using  NISA  type  33  laminated  sandwich  elements 
and  type  39  3-D  general  beam  elements.  Orders  of  the  isoparametric  functions 
were  guadratic  and  linear  for  the  sandwich  and  beam  elements  respectively. 
Geometric  properties  of  the  transverse  members  were  determined  and  shown  in 
Table  (1).  Since  the  doubler  plates  did  not  cover  the  entire  surface  of  the 
bottom  face  sheet,  two  sets  of  sandwich  elements  were  required  to  model  the 
floor.  The  only  difference  between  the  sets  of  sandwich  elements  was  that 
elements  located  in  the  regions  defining  the  doubler  plates  had  thicker  lower 
ace  sheets.  This  thickness  was  equal  to  the  sum  of  the  lower  face  sheet  and 
doubler  plate  thickness.  The  lamination  sequences  for  all  sandwich  elements 
used  are  defined  in  Table  (2). 

A  total  of  five  layers  was  used  to  develop  the  sandwich  elements  although 
only  three  physically  distinct  layers  (adhesive  layers  excluded)  actually 
existed.  The  NISA-II  program  provided  stress  resultant  output  only  at  the 
middle  surface  of  each  layer.  In  order  to  obtain  the  maximum  flexure  stress 
at  the  outer  surfaces  of  the  sandwich  elements,  it  was  necessary  to  define 
significantly  thin  layers  (0.001"  thick)  within  the  aluminum  layers.  By  doing 
so,  stress  resultants  near  the  outer  surfaces  of  the  face  sheets  were 
approximated  as  being  equivalent  to  those  located  0 . 0005 "  in  from  the  outer 
surfaces.  Material  properties  required  by  the  models  for  the  aluminum  and 
honeycomb  layers  are  presented  in  Table  ( 3 ) .  The  aluminum  face  sheets , 
doubler  plates  and  transverse  box  beams  were  modeled  as  an  isotropic  material 
while  the  honeycomb  core  was  modeled  as  an  orthotropic  medium.  Due  to  the 
manufacturing  process  used  to  produce  honeycomb,  properties  in  the 
longitudinal  (parallel  to  the  ribbon)  direction  were  different  from  those  in 
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Table  1  -  Transverse  Beam  Section  Properties 


A  =  cross  sectional  area  =  0.3564  in^ 
lyy  =  moment  of  inertia  about  y-y  (horizontal)  axis  =  0.0729  in^ 

Iz2  =  moment  of  inertia  about  z-z  (vertical)  axis  =  0.1896  in"^ 

J  =  polar  moment  of  inertia  =  lyy  +  1^2  “  0.2625  in^ 

(xyz)  =  local  coordinate  system  for  beam  elements 


Table  2  ~  Lamination  Sequence  for  Sandwich  Elements 


Doubler  Reinforced  Sandwich  Elements 


Laver 

Thickness 

Anale 

Material 

1 

0.001 

0 

Aluminum 

2 

0.024 

0 

Aluminum 

3 

1.210 

0 

Honeycomb 

4 

0.149 

0 

Aluminum 

5 

0.001 

0 

Aluminum 

Total  Element  Thickness:  1.385" 

Non-Reinforced 

Laver  Thickness 

Sandwich 

Anale 

Elements 

Material 

1 

0.001 

0 

Aluminum 

2 

0.024 

0 

Aluminum 

3 

1.210 

0 

Honeycomb 

4 

0.024 

0 

Aluminum 

5 

0.001 

0 

Aluminum 

Total  Element  Thickness:  1.260" 
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the  transverse  direction.  Transverse  shear  deformation  effects^  of  the  core 
were  included  in  the  formulation  of  the  sandwich  elements  used.  The  following 
mechanics  of  materials  assumptions  employed  were  that :  ( 1 )  the  face  sheets 
were  loaded  in  a  state  of  plane  stress  (i.e.;  no  transverse  or  through-the- 
thickness  normal  stresses  were  developed),  (2)  the  face  sheets  were  relatively 

thin  compared  to  the  core,  (3)  the  core  supported  the  applied  transverse  shear 
stresses  and  Sy^,  and  (4)  the  bond  layers  between  the  face  sheets  and  core 

layers  were  'perfect’  (i.e.;  zero  thickness  with  no  deformation  allowed). 
Hence,  as  shown  in  Table  (3),  zero  transverse  shear  stiffnesses  were  assigned 
to  the  face  sheets  and  a  zero  transverse  normal  stiffness  was  given  to  the 
core.  Due  to  the  lamination  sequence  used  for  the  doubler  region  elements 
(i.e.;  combined  thicknesses  of  the  lower  face  sheet  and  doubler  plates),  two 
conditions  were  enforced:  (1)  no  doubler  plate  fasteners  were  modeled  and  (2) 
no  relative  slip  was  allowed  between  the  lower  face  sheet  and  doubler  plates. 

The  computational  limits  on  model  size  allowed  for  only  consideration  of 
the  floor  panel.  Therefore,  the  stiffening  effects  of  other  SICPS  panels 
(i.e.;  roof,  wheel  wells,  side  and  end  walls)  on  the  floor  could  not  be 
represented  accurately.  However,  these  effects  could  be  bound  by  imposing 
exterior  edge  displacement  conditions  ranging  from  simple  (or  roller)  supports 
to  fixed  (clamped)  supports.  The  assumption  of  simple  supports  on  the  exterior 
edges  of  the  floor  was  invoked  for  two  purposes.  First,  clamped  DOF's  on  the 
exterior  edges  would  undesirably  react  the  body  force  loading  away  from  the 
mounting  kits.  Secondly,  simple  supports  provided  conservative  results  by 
restraining  displacements  in  the  Z  direction  while  permitting  the  in-plane 

2.  JONES,  R.  M.,  Mechanics  of  Composite  Materials,  1975,  Hemisphere  Publishing  Corp.,  pp.  299-309. 
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Table  3  -  Material  Properties 


Property _ 

psi 

Eyr  psi 
E^,  psi 

''xy 

''xz 

Gxy/  psi 
Gxz'  psi 

Gy 2,  psi 
Wgt  Dens,  #/in^ 


6061-T6 

Aluminum 

lO.OetOe 

lO.Oe+06 

10.0e-f06 

0.334 

0.334 

0.334 

3.748e+06 

0 

0 

0c098 


Paper 

Honeycomb 

0 

0 

0 


1.30e+04 

7.00e+03 

7.00e+03 

le45e“03 


Table  4  -  Model  Matrix 


Model 

Name 

Load 

Trans. 

Beams 

Doublers 

Offsets ( in) 

Fwd/Rear 

Ext .  Edge 

B/C  s 

Model 

Wat  (#) 

X-Accel 

(in/si) 

FloorB 

BF 

X 

X 

4.22/1.82 

No  Z 

Disp. 

21.86 

-1780.00 

Floor9 

BF 

4.22/1.82 

No  Z 

Disp. 

17.29 

-2570.56 

FloorlO 

BF 

X 

4.22/1.82 

No  Z 

Disp. 

19.60 

-2294.78 

Floorll 

BF 

X 

4.22/1.82 

No  Z 

Disp. 

25.56 

-1929.22 

(BF=BODY  FORCE  LOADING) 
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rotation  vectors  along  the  exterior  edges  to  rotate  freely-  Boundary 
conditions  assigned  to  DOF*  s  located  along  the  line  of  symmetry  (the 
longitudinal  or  lengthwise  centerline  of  the  floor)  were  restrained  as 
follows: 

V  =  U*  =  W*  =0 

where :  V  =  displacement  vector  in  the  width  (Y-axis)  direction 

U*  =  rotation  vector  in  the  longitudinal  (X-axis)  direction 
W*  =  rotation  vector  in  the  normal  (Z-axis)  direction 

(Refer  to  coordinate  system  shown  in  Fig-  8) 

These  restrained  DOF*s  forced  the  half  floor  model  to  behave  identically  as 
the  full  floor  model  would  under  load.  An  additional  restraint  was  that  the 
sandwich  elements  have  no  normal  rotational  DOF*s.  The  matrix  shown  in  Table 
(4)  depicts  the  loading  and  reinforcement  combinations  used  in  each  analysis 
performed.  The  were  no  graphical  differences  between  the  four  models  which 
were  displayed  soley  by  Figure  (8).  The  doubler  plate  and  transverse  beam 
elements,  shown  separately  in  Figure  (8),  directly  superimposed  on  the  floor 
panel  elements. 


RESULTS 


Output  for  each  model  included  deformed  views  of  the  floor  panel  elements 
and,  where  applicable,  the  doubler  plates  and  transverse  beams  (see  Figures  9- 
11).  Middle  (neutral)  surface  displacement  components  along  the  global  X,  Y, 

Z  directions  of  the  floor  panel  elements  were  plotted  in  Figures  (12-14). 
Principal  (or  material  direction)  stresses  Syy  and  S^^y  for  the  upper  and 

lower  face  sheet  middle  surfaces  (layers  1  and  5)  were  plotted  in  Figures  (15- 
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20).  [Remaining  consistent  with  NISA-II’s  designation  of  principal  stresses 
obtained  from  its  composite  sandwich  element,  the  reader  may  choose  to 
substitute  the  conventional  Sn,  S22  ^^id  8^2  designations  respectively.]  Only 

in-plane  stresses  were  obtained  for  the  face  sheets  due  to  the  plane  stress 

assumption  used.  Minimum  and  maximum  values  of  the  face  sheet  stresses  were 

tabulated  in  Table  (5)  along  with  their  designated  locations.  The  relevant 
stress  components  for  the  core  (layer  3)  were  the  transverse  shears 

Sy2*  However,  the  core  stress  components  were  essentially  equal  to  zero  and 
were  not  plotted.  Displacement  and  stress  component  contour  plots  were 
conveniently  arranged  to  allow  for  direct  comparison  of  results  between  the 
four  models  considered. 

A  review  of  the  stress  component  plots  from  models  FL00R9  and  FLOORIO  (no 
reinforcements  vs.  transverse  beams  only)  established  the  effectiveness  of  the 
transverse  beams  independently  of  the  doubler  plates .  The  FLOORIO  beam 

reinforced  model  revealed  that  a  minimal  (500  to  700  psi)  reduction  of  local 
(transverse  beam  regions)  stress  was  acheived  in  both  face  sheets  when 
compared  to  the  baseline  panel  of  model  FLOOR9.  The  unbalanced  face  sheet 

stresses  shown  in  Table  ( 5 )  indicated  that  bending  was  present  within  the 
floor.  This  was  a  direct  result  of  the  fact  that  the  body  force  loads  were 
eccentrically  reacted  by  the  elastic  offsets  (refer  to  the  displaced  model 

geometries  shown  in  Figures  9-11) .  Reductions  in  local  and  f ar-f ield  values 
of  the  Syy  and  S^^y  stress  components  were  negligible  for  both  face  sheets. 

Stress  contours  from  models  FLOORS  and  FLOORll  (doublers  only  vs . 
doublersand  transverse  beams)  indicated  that  no  reinforcement  coupling  effects 
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Table  5  -  Face  Sheet  Stresses  (ksi) 


FLOORS  -  DOUBLER 

PLATES  &  TRANSVERSE. 

BEAMS 

^xx 

Syy 

^xy 

(min/max) 

(min/max) 

(min/max) 

Face  Sheet 

(loc/loc) 

(loc/loc) 

(loc/loc) 

UPPER 

46.56/29.85 

-32.79/9.83 

-11.10/19.89 

A/B 

C/B 

D/E 

LOWER 

-57.54/28.48 

-36.97/11.08 

-16.22/26.04 

A/B 

C/G 

D/E 

FLOORS  -  NO  DOUBLER 

PLATES  &  NO  TRANSVERSE  BEAMS 

®xx 

Syy 

®xy 

(min/max) 

(min/max) 

(min/max ) 

Face  Sheet 

( loc/loc ) 

( loc/loc) 

( loc/loc ) 

TIPPER 

-46.53/58.53 

-35.14/13.32 

-10.39/26.51 

A/B 

C/H 

D/I 

LOWER 

-60.88/61.64 

-39.59/13.30 

-16.55/27.82 

A/B 

C/H 

J/E 

FLOORIO  -  TRANSVERSE  BEAMS  &  NO  DOUBLER  PLATES 

^xx 

Syy 

®xy 

(min/max ) 

(min/max ) 

(min/max ) 

Face  Sheet 

( loc/loc) 

( loc/loc) 

( loc/loc) 

UPPER 

-46.42/59.56 

-34.68/13.07 

-10.53/26.35 

A/B 

C/H 

D/I 

LOWER 

-60.70/62,71 

-39.10/13.04 

-16.55/27.54 

A/B 

C/H 

J/E 

FLOORll  -  DOUBLER 

PLATES  &  NO  TRANSVERSE  BEAMS 

Sxx 

^yy 

^xy 

(min/max ) 

(min/max ) 

(min/max ) 

Face  Sheet 

( loc/loc) 

( loc/loc ) 

( loc/loc) 

UPPER 
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were  provided  by  the  transverse  beams  in  the  presence  of  the  doubler  plates* 
Negligible  decreases  of  the  upper  face  sheet  Sxx  stress  (200  to  500  psi)  were 

made  in  the  local  region  of  the  forward  transverse  beam.  However,  a  600  psi 
increase  of  the  upper  face  sheet  S^x  stress  developed  in  the  vicinity  of  the 

rear  transverse  beam.  The  far-field  upper  face  sheet  stress  increased  due 

to  the  presence  of  the  beams  by  approximately  500  psi.  The  lower  face  sheet 

stress  at  the  forward  transverse  beam  increased  by  375  psi.  The  rear 

transverse  beam  provided  a  510  psi  decrease  in  the  local  stress  of  the 

lower  face  sheet.  Far-field  stress  in  the  upper  and  lower  face  sheets 

decreased  in  the  presence  of  the  transverse  beams  by  approximately  500  psi. 

Comparisons  between  the  doubler  reinforced  (FLOORS,  FLOORll)  and  the  non¬ 
doubler  reinforced  (FLOORS,  FLOORIO)  models  revealed  a  50%  reduction  in  the 
maximum  face  sheet  tensile  stress.  In  each  model,  the  peak  upper  face 

sheet  tensile  stress  occurred  forward  of  the  bottom  left  fastener  of  the 

rear  mounting  kit.  However,  the  maximum  lower  face  sheet  tensile  stresses 

in  the  doubler  reinforced  models  were  located  away  from  the  rear  mounting  kit 
(refer  to  Table  5).  The  effect  of  the  rear  mounting  kit  doubler  plate  was  to 

redistribute  the  body  force  loading  in  a  more  uniform  manner.  The  maximum 
compressive  stresses  for  both  face  sheets  occurred  to  the  right  of  the 

lowest  forward  mounting  kit  fastener  in  all  four  models.  The  presence  of  the 
doubler  plates  on  the  lower  face  sheet  induced  a  stiffness  imbalance  between 
the  upper  and  lower  face  sheets.  This  imbalance  caused  further  rotational 
deformation  of  the  floor  in  addition  to  that  from  the  eccentric  reactions. 

Significant  reductions  in  the  stresses  of  the  upper  and  lower  face 

sheets  were  achieved  in  both  wheel  well  corners  by  the  doubler  plates. 
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Reductions  for  the  upper  and  lower  face  sheets  in  the  forward  wheel  well 
corner  were  63%  and  78%  respectively.  At  the  rear  wheel  well  corner,  the 

reductions  were  55%  and  61%  for  the  upper  and  lower  face  sheets  respectively. 
Similar  reductions  were  observed  in  the  Syy  and  ^xy  stresses  of  both  face 

sheets  at  the  wheel  well  corners. 

Full  extension  of  the  transverse  box  beams  to  the  simply  supported  floor 
edges  was  investigated  in  a  separate  model.  Using  in-plane  body  force 
loading,  no  significant  reductions  in  face  sheet  stresses  were  realized.  No 
improvements  were  made  in  transferring  face  sheet  stresses  to  the  beams. 

The  effects  of  increasing  the  tranvserse  beam  wall  thickness  were  addressed 
with  another  model  subjected  to  an  in-plane  body  force.  Here,  the  wall 
thickness  was  increased  from  0.060"  to  0.120"  while  the  outer  cross  section 

dimensions  of  the  beam  were  maintained.  This  increased  the  moments  of  inertia 
lyy  and  by  173%  and  160%  respectively.  No  significant  improvements  were 

acheived  in  reducing  the  face  sheet  stresses. 

CONCLUSIONS 

The  analytical  models  developed  in  this  effort  assessed  the  relative 
structural  contributions  of  the  SICPS  floor  components  when  subjected  to 
simulated  rail  impact  conditions  using  in-plane  body  forces.  Stress 
distributions  in  both  face  sheets  indicated  that  no  significant  reductions 
were  acheived  by  the  inclusion  of  the  transverse  box  beams.  Doubler  plates 
used  in  conjunction  with  only  the  lower  face  sheet  resulted  in  a  stiffness 
imbalance  with  respect  to  the  panel’s  middle  surface.  This  induced  further 
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rotational  deformation  of  the  floor  in  addition  to  that  caused  by  the  offset 


mounting  kit  fasteners.  Both  doubler  plates  substantially  reduced  the  lower 
face  sheet  stress  in  the  forward  and  rear  wheel  well  corners  by  55%  and 

78%  respectively.  The  rear  doubler  plate  assembly  provided  a  50%  reduction  of 
maximum  tensile  stress  in  the  lower  face  sheet. 

RECOMMEND AT I ONS 

1.  Eliminate  the  two  transverse  box  beams  from  the  SICPS  shelter  floor  panel. 

2.  Optimize  the  sizes  of  the  forward  and  rear  doubler  plate  assemblies  to 
achieve  manufacturing  cost  and  weight  reductions. 

3.  Reduce  peak  compressive  face  sheet  stresses  at  the  forward  mounting  kit 

by  using  a  suitably  sized  doubler  plate. 

4.  Determine  the  minimum  number  of  mechanical  fasteners  required  in  the  rear 
mounting  kit.  Optimize  fastener  spacing  to  reduce  local  stress  gradients  in 
the  face  sheets. 

5.  Expand  the  floor  finite  element  models  into  full  SICPS  shelter  models. 
Conduct  an  absolute  transient  stress  analysis  of  the  complete  SICPS  shelter 
using  force-time  and  acceleration-time  data  obtained  from  instrumented  rail 
impact  testing. 
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Fig.  (1)  SICPS  w/  HMMW  in  Raii  Transport  Configuration 
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Fig.  (2)  SICPS  Floor  Panel  w/  Doubler  Plates  Shown 
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Fig.  (4)  Floor  Panel  w/  Integral  Transverse  Stiffener  &  Doubler 
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Fig.  (8)  Floor  Panel  Models  w/  Reinforcements  Shown 


Fig.  (9)  Isometric  Views  of  Displaced  Floor  Panel  Models 


Fig.  (10)  Edge  Views  of  Displaced  Floor  Panel  Models 


Fig.  (11)  Isometric  Views  of  Displaced  Doublers  &  Transverse  Beams 
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Fig.  (12)  X  Displacement  Component  -  Middle  Surface 


Fig.  (13)  Y  Displacement  Component  -  Middle  Surface 
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Fig.  (15)  Upper  Face  Sheet  (Layer  #1)  -  Sxx  Stress  Component 


Fig.  (16)  Lower  Face  Sheet  (Layer  #5  Sxx  Stress  Component 


Fig.  (17)  Upper  Face  Sheet  (Layer  #1)  -  Syy  Stress  Component 


Fig.  (18)  Lower  Face  Sheet  (Layer  #5)  -  Syy  Stress  Component 
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Fig.  (19)  Upper  Face  Sheet  (Layer  #1)  -  Sxy  Stress  Component 


Fig.  (20)  Lower  Face  Sheet  (Layer  #5)  -  Sxy  Stress  Component 
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